Using a fan effect paradigm, three experiments tested whether younger and older adults differ in the retrieval of integrated and nonintegrated facts, where integration refers to the development of a mental model. Earlier work by G. A. Radvansky and R. T. Zacks ( 1991 ) had found that as long as facts can be integrated into a single mental model, young adults show no increase in retrieval time or error rates as the size of the subset of related facts increases (i.e., no fan effect). The present studies show a similar pattern for older adults. By contrast, and in confirmation of our previous findings on age differences and the fan effect (L. D. Gerard, R. T. Zacks, L. Hasher, & G. A. , older adults show an exaggerated fan effect, at least in their error rates, on subsets of related facts not easily integrated into a single mental model.
eled after the Garnham (1982) experiment described previously, Radvansky et al. found that young and older adults used mental model representations to identify previously heard statements on a later recognition test. The two groups showed the same pattern of confusion errors on the recognition test, suggesting that younger and older adults create similar types of mental models and then use these representations during recognition.
One specific aspect of mental models on which young and older adults seem not to differ is foregrounding. Foregrounding refers to keeping certain story elements, such as the protagonist, more available than other elements (e.g., Garrod & Sanford, 1983; Glenberg, Meyer, & Lindem, 1987) . In a study by Morrow et al. (1992) , people read a passage followed by a series of comprehension questions that referred back either to the protagonist or to minor characters. Although young adults outperformed older adults overall, both groups more accurately identified the foregrounded story protagonists than the minor characters. In fact, performance on questions referring to the protagonist was identical in the two age groups. These findings suggest that both age groups form similar mental models. The current experiments expand on this earlier research by comparing young and older adults' use of mental models with sets of facts presented outside of a connected discourse.
In previous studies with young adults, we (Radvansky, Spieler, & Zacks, 1993; have demonstrated that the use of mental models to integrate potentially competing items of information results in the elimination of the negative impact of competitors at retrieval. This finding was observed in the context of a fan effect paradigm (Anderson, 1974) . The fan effect is an increase in response time (RT) or error rate in recognizing learned facts with an increase in the number of other facts having a concept in common with the probed fact. Our research has shown that the fan effect is eliminated when facts having a concept in common can be readily integrated into a single mental model. In contrast, the standard fan effect is obtained when facts having a common concept can-not be integrated into a single mental model. Because of a possible elevated susceptibility to competition at retrieval, leading to poorer memory performance for older adults relative to younger adults (e.g., Winocur & Moscovitch, 1983 ) , it is of interest to learn whether older adults can use mental models to reduce the influence of competing associations during retrieval.
The present experiments used a procedure developed by Radvansky et al. (1993) and Radvansky and Zacks (1991) to manipulate the ease of integrating facts having a common concept into a single mental model. As an example of one condition, suppose that the following facts were memorized: "The pay phone is in the barber shop," "The pay phone is in the city hall," and "The pay phone is in the laundromat?' This corresponds to what we call a multiple locations (ML) condition. According to a standard (i.e., propositional) account (e.g., Anderson, 1983 ) of how such materials are stored in long-term memory, these facts should be interconnected in an associative network through their sharing of the concept "pay phone," and a fan effect should occur. Our mental model view also predicts a fan effect for ML conditions. Although all three facts share a common concept, these ideas are inconsistent with a single situation in the world. It is unlikely that an object such as a pay phone would travel from place to place as part of a single situation. Each location is likely to be interpreted as a different situation. As a result, a separate mental model is constructed for each location containing a pay phone. During retrieval, not only is the appropriate mental model activated from long-term memory but so are the other mental models that contain a pay phone. These other mental models interfere with the retrieval of the desired representation. The more of these irrelevant representations there are, the greater the amount of interference; retrieval time and errors increase accordingly, hence, the fan effect. Now suppose that the following facts were memorized: "The potted palm is in the hotel" "The waste basket is in the hotel," and "The ceiling fan is in the hotel." This corresponds to what we call a single location (SL) condition. According to a propositional network view, these facts should also be interconnected in the network through their sharing of the "hotel" concept and a fan effect should occur. In contrast, our mental model view predicts no fan effect for SL conditions. This is because all three of these facts are consistent with a single situation in the world. It is easy to conceive of a single situation in which a potted palm, a waste basket, and a ceiling fan are all in a hotel at the same time. As a result, a single mental model is constructed for that location. During fact retrieval, there are no related and irrelevant mental models to interfere with the retrieval of the appropriate one. Therefore, retrieval time and accuracy remain constant across different numbers of associations with a location.
Our previous research with younger adults (Radvansky et al., 1993; has repeatedly upheld the predicted difference between SL and ML conditions and shown the effect to be insensitive to instructions to organize by other means, to the specific types of situations (e.g., location-based or person-based), to the use of definite versus indefinite articles, and to whether the location concepts serve as the sentence subject or predicate.
The current experiments tested whether older adults will create mental models from a randomly ordered list of facts in much the same way as younger adults. If older and younger adults are able to integrate the facts into mental models in a similar fashion, then similar differences between the ML and SL conditions should be found. In particular, there should be a fan effect for the ML condition but not the SL condition. If older adults are not able to integrate the facts into mental models as effectively as young adults, then older adults would show a fan effect in both the SL and ML conditions, whereas young adults would show a fan effect only in the ML condition.
Another issue addressed by this research is whether, under conditions involving retrieval interference (i.e., the ML conditions), older adults will show greater interference (fan) effects than young adults. Previous studies of the fan effect and aging have found that older adults do show a larger fan effect (Cohen, 1990; Gerard, Zacks, Hasher, & Radvansky, 1991 ) . In the Gerard et at. study, participants memorized a list of sentences such as "The doctor cut the apple pie into six pieces?' Across the entire list of study sentences, each sentence subject (e.g., "doctor") and predicate (e.g., "cut the apple pie into six pieces") had one to three associates. For example, the doctor could have been described as doing one to three things, such as cutting an apple pie into six pieces, taking a car for a test drive, and playing chess with a friend. Likewise, each activity could have been described as being performed by one to three people, such as the doctor, lawyer, and farmer. After memorizing a list of such sentences, participants were given a speeded recognition test. The results showed that both age groups produced a fan effect with the fan effect for the older adults being greater than that for the young adults. This was interpreted as showing that older adults have a greater difficulty ignoring non-goal path ideas. Generalizing to the current experiments, the fan effect in the ML condition should be larger for the older than the young adults. Furthermore, if older adults can and do form mental models, as the young adults have been shown to, neither age group should show a fan effect in the SL condition.
Experiments 1 and 2
Three experiments tested whether older adults form and retrieve mental models in the same fashion as young adults and whether they experience greater interference during the retrieval of related facts represented in multiple mental models. The only difference between the first two experiments was that sentences that did not directly contribute to either the SL or ML conditions were not included in the recognition test of Experiment 1, whereas they were included in Experiment 2. Because this procedural difference did not produce any important differences in the pattern of data, the two experiments are presented together.
Method Participants
In Experiment 1, 28 native English-speaking participants were tested in each age group, whereas in Experiment 2, 32 people were tested in each age group. The younger adults were recruited from the Michigan State University subject pool and given partial class credit for their participation. The older adults were recruited from the greater Lansing community and provided their own transportation to the building. They were paid $8 for their participation. Normative data on participants' ages, years of education, and scores on the Wechsler Adult lntel- Table I . While the two age groups did not significantly differ in terms of the number of years of education, as is frequently the case in cognitive aging studies, the older adults scored significantly higher than the younger adults on the WAIS-R vocabulary test, tt (54) = 2.40, SEt = 2.01,and t2(62) = 2.26, SE2 = 2.27 (subscript 1 refers to Experiment I, whereas subscript 2 refers to Experiment 2). Eight additional older adults were replaced for failing to finish, 5 in Experiment 1 and 3 in Experiment 2. This was usually a result of either the experimenter or the participant having an appointment, and the experimental session running over the allotted time. More older adults had this difficulty because of the slower rate at which they proceeded through the experiment and their busier schedules.
Materials
There were 18 study sentences of the form "The object is in the location." The creation of the study lists followed Radvansky et al. ( 1993 ) . Although the object was always mentioned first and the location concept second in the present experiments, previous studies have shown that the order of the concepts does not change the obtained data ( Radvansky et al., 1993; . In particular, SL-ML differences in RT and error rates are unaffected by whether the object or the location concept is mentioned first in the study sentences.
Each participant's study list sentences were generated through random pairings of objects (e.g., potted palm, waste basket, or cola machine) and locations (e.g., city hall, hotel, or barber shop) so that there were one to three associations with each object and location concept (thus defining Fan Levels t to 3 ). For details, see Radvansky et al. (1993) . The conditions of interest are those in which either a single object is associated with several locations (ML) or a single location is associated with several objects (SL). However, to provide the appropriate number of associations for those critical items and to keep the number of memorized sentences to a minimum, the study lists included six sentences in which multiple objects were associated with multiple locations. These were in the 2-3, 3-2, and 3-3 fan cells of the design (X-Y refers to X number of associations with the object concept and Y number of associations with the location concept). These filler sentences were not included in the recognition test of Experiment 1 but were included in the recognition test of Experiment 2. There were four sentences in which both the object and location concept had only one association each ( 1-1 fan). Two of tbese sentences were arbitrarily assigned to the SL condition and two to the ML condition so that the same data would not be used for Fan Level l in both conditions. Finally, there were two study sentences in each of the 1-2, 1-3, 2-1, and 3-1 cells that composed the ML and SL conditions, respectively.
Procedure
Participants were tested individually in a single session lasting approximately 1 h. Participants were first administered the WA1S-R vocabulary test. After this, they went through a study-test procedure to memorize the sentences. For the study portion, the study-list sentences were presented one at a time in a random order. Sentences were displayed on an Apple lie computer with a monochrome (green) monitor set in 40 column mode. Each sentence was viewed for 7 s. At the end of the study portion, participants were given a series of questions of the form "What is in the location?" and "Where is the object?" for each of the locations and objects, respectively. Participants reported their answers to the experimenter, lfthere was more than one answer to a question, they were told to provide all of the answers. Correct answers were given if any errors were made. After all of the test questions had been answered, participants returned to the study portion. This study-test procedure continued until all of the test questions could be answered correctly twice in a row. In Experiment l, the younger adults required 4.8 study-test cycles, whereas the older adults required 5.8 cycles, tt (54) = 2.89, SEt = 0.35. In Experiment 2, the younger adults required 3.9 cycles compared with 5.5 cycles for the older adults, t2 ( 62 ) = 4.33, SE2 = 0.35. (Unless otherwise mentioned, p < .05 is assumed.)
After the study lists had been memorized, a speeded recognition test was given. The task was to indicate whether a probe sentence was studied or not. Studied sentences were items from the study list, whereas nonstudied sentences were generated by repairing objects and locations from sentences having the same fan sizes (e.g., the objects and locations oftbe two 1-2 fan sentences would be exchanged), in both experiments, there were 16 trials at each fan size for each probetype (studied or nonstudied). Participants indicated that a sentence was studied by pushing a button held in the right hand and indicated that a sentence was not studied by pushing a button held in the left hand. An 18 trial practice period was given before the actual recognition test to familiarize the participants with using the buttons in this way. During the practice session, the computer displayed a line that read either "SENTENCE STUDIED" or "SENTENCE NOT STUDIED" and the participant responded accordingly. If an error was made, either during practice or the actual test, feedback was given in terms of a line presented for 500 ms that read either "**ERROR** SENTENCE STUDIED" or "**ERROR** SENTENCE NOT STUDIED;' whichever was appropriate.
Sentences in which there were multiple objects associated with multiple locations (non-SL and non-ML condition sentences) were not presented during the recognition test for Experiment 1 but were presented for Experiment 2, although they were not included in the main analysis. All of the studied and nonstudied sentences were presented in a random order within each of eight blocks, yielding a recognition test that was 192 trials long in Experiment 1 and 288 trials long in Experiment 2.
For the purpose of analysis, errors were trials in which the participant responded incorrectly. These trials were not included in the RT analysis. In addition, trials with responses faster than 500 ms and slower than l0 s, as well as those trials on which RTs were greater than 2.5 SD from the mean of a given cell for a participant, were excluded from the analysis, although they were not counted as errors. This trimming procedure eliminated 2.2% of the data in Experiment 1 and 2.3% in Experiment 2. At the end of the recognition test, a posttest was given composed of the questions from the list learning period. In Experiment l, the younger adults made an average of 0.3 errors on the posttest compared with 2. l errors for the older adults, t, (54) = 4.13, SEt = 0.43; whereas, in Experiment 2, the younger adults made an average of 0. l errors compared with 1.5 errors for the older adults, t2(62) = 5.6 l, SE2 = 0.25.
Results
The results of both experiments showed that, although the older adults were slower and more error prone overall, both age groups produced the same patterns of data. In particular, there was a fan effect for conditions in which an object was in several locations (the ML condition) but not when several objects were all in the same location (the SL condition), t This pattern is present for both the studied and nonstudied probes and for both the RT and error rate data, supporting the notion the older and younger adults build and use similarly structured mental models. As such, the current results confirm the earlier findings of Morrow et al. ( 1992 ) and Radvansky et al. (1990) indicating age invariance in mental model use. We had also expected that the older adults would show larger fan effects in the ML condition than the younger adults (cf. Gerard et al., 1991 ) . As will be seen, the error data, but not the RT data, confirmed this expectation as well. These data support the notion that aging is associated with increased difficulty ignoring sources of related, but irrelevant, information.
In the next sections, we first present the statistical analyses of the RT data followed by the analyses of the error rate data. Within each of these sections, those effects that collapse across age are presented first to provide a general perspective on the data. Following this, those analyses pertaining to the effects of age are presented. A final section compares the younger and older adults on the difference between the fan 1-1 and fan 3-3 conditions from Experiment 2 (the. 3-3 cell was not present in the recognition test of Experiment 1 ). This compares the condition involving the fewest number of associations with the condition involving the greatest number of associations. This comparison is not included in the main analysis because the items from the 3-3 condition cannot be easily classified as belonging to either the SL or ML conditions. If there is a difference in the retrieval performance of the older and younger adults, it should be most prominent in the 1-1 versus 3-3 comparison.
Response Times
The data from each experiment were submitted to a 2 (age) × 2 (studied-nonstudied) X 2 (SL-ML) x 3 (fan) mixed analysis of variance (ANOVA). The first variable was between subjects and the rest were within. The main effects and interactions that do not involve the SL-ML difference are not central to the predictions made here and so are simply reported in Table 2 . In general, these show typical effects of age, fan level, and studiednonstudied items.
General mental model organization. The relevant data collapsed over age are presented in Table 3 . In both experiments, the SL-ML X Fan interaction was significant, F~(2, 108) = 16.4, MSE = 143,991, and F2(2, 124) = 22.5, MSE = 97,744 (as a reminder, Subscript 1 refers to Experiment 1, whereas Subscript 2 refers to Experiment 2). Simple effects tests showed that the fan effect was significant for the ML conditions, F~ (2, 108) = 21.0, MSE = 203,961, and F2(2, 124) = 50.8, MSE = 106,184, but not the SL conditions, both Fs < 1. Thus, collapsed across age, these data are consistent with earlier findings (Radvansky et al., 1993; showing that the utilization of mental models eliminates the fan effect.
In addition, it was observed that SL probes were responded to faster than ML probes, F~( 1, 54) = 72.6, MSE = 152,655, and F2( 1, 62) = 64.3, MSE = 128,674. The Studied-Nonstudied x SL-ML interactions were also significant, Fj ( 1, 54) = 15.7, MSE = 86,778, and F2( 1, 62) = 19.5, MSE = 41,525. The SL-ML differences were larger for nonstudied probes (Experiment 1 = 347; Experiment 2 = 273 ms) than for studied probes (Exp. 1 = 167; Exp. 2 = 143 ms). Simple effects tests showed that the effects of SL-ML were significant for both studied probes, F~( 1, 54) = 38.6, MSE = 60,747, and F2( 1, 62) = 31.4, MSE = 62,191, and nonstudied probes, F~ ( 1, 54 ) = 56.5, MSE = 178,678, and F2(1,62) = 66.0, MSE = 108,008.
Finally, in Experiment 2, the Studied-Nonstudied X SL-ML x Fan interaction was significant, F2(2, 124) = 8.2, MSE = 64,857. The SL-ML X Fan interaction was significant for both the studied, F2(2, 124) = 5.5, MSE = 56,726, and nonstudied probes, F2(2, 124) = 22.9, MSE = 105,875. There was no SL fan effect for either the studied or nonstudied probes. In contrast, there was a fan effect for the ML probes, which was much larger for nonstudied probes than for studied probes. The larger SL-ML difference for nonstudied probes is consistent with the notion that there are more mental models involved in memory retrieval for these probes than for the studied probes. On a nonstudied probe trial, the number of mental models activated would include all of those associated with both the object and location concepts.
Aging effects. The data on age differences in RT for Experiments 1 and 2 are summarized in Figures 1 and 2 , respectively. The Age × SL-ML and Age × SL-ML X Fan interactions were 1 The absence of a fan effect in the SL condition could be seen as similar to the rain effect described by Anderson (1976) . Specifically, the rain effect is the finding that fan effects are sometimes reduced or absent when one of the concepts in a recognition probe has only a single association. This is the case with respect to the object concept in our SL condition. However, it should be noted that it is also true that there is only a single association with the location concept in the ML condition. As such, the rain effect cannot be used to explain the current difference in the SL and ML fans. Note. SL-ML = single location-multiple locations; S = studied; NS = nonstudied.
* p < .05. Note. S = studied; NS = nonstudied. not significant: Experiment 1, Age X SL-ML interaction; F~ ( 1, 54) = 2.7, MSE = 152,655, p > .10, all other Fs < 1. So, there is no difference between the young and older adults' retrieval patterns other than the fact that the older adults are slower overall (see Table 2 ). Because the experiments were so similar, the RT data were analyzed together in an additional analysis as though it were a single experiment to increase statistical power. The Age X Fan interaction was significant in the combined analysis, F(2, 236) = 3.1, MSE = 123,227. While the fan effect pattern differed between the older (Fan Level l = 1,912 ms; 2 = 1,954 ms; 3 = 2,134 ms) and younger adults (Fan Level 1 = 1,510 ms; 2 = 1,630 ms; 3 = 1,700 ms), in that the greatest difference is from Fan Level 2 to 3 for the older adults and fan Level l to 2 for the younger adults, the overall size of the effect was similar in the two age groups. However, the Age X SL-ML and Age X SL-ML X Fan interactions remained nonsignificant, Fs < I. Thus, even with this increased statistical power, there is still no suggestion that there is a difference in the retrieval patterns of the older and younger adults. What is consistently present, for both older and younger adults, is that there is a fan effect for the ML condition but not the SL condition.
Analysis ofl-I versus 3-3fan. The study reported by Gerard et al. ( 1991 ) compared performance across Fan Levels l-1, 2-2, and 3-3. Because of the multiple associations for both sentence subjects and predicates in the 2-2 and 3-3 conditions, this comparison allows for a greater potential for observing interference than those reported above. The inclusions of the l-1 and 3-3 cells in the recognition test in Experiment 2 (although the 3-3 cell was considered filler for the SL-ML analysis) permits a partial replication of the Gerard et al. analysis. Accordingly, the RT data from Experiment 2 were submitted to a 2 (age) X 2 (studied-nonstudied) X 2 (Fan l-1 versus tion, F( 1, 62) = 4.9, MSE = 86,574. In particular, the difference between the studied and nonstudied probes was larger for the older adults (studied = 1,973 ms; nonstudied = 2,215 ms) than for the younger adults (studied = 1,620 ms; nonstudied = 1,700 ms). In addition, there was a significant main effect of fan, F( 1, 62) = 118.7, MSE = 142,796 (Fan Level 1 = 1,620 ms; 3 = 2,134 ms).
Although the Age X Fan interaction failed to reach significance, F < 1, the Age × Studied-Nonstudied X Fan interaction was significant, F( 1, 62) = 4.9, MSE = 78,709. The size of the fan effect in the studied and nonstudied probe conditions differed for the older adults, F( 1, 31 ) = 5.2, MSE = 106,673, but not for the young adults, F < 1. In particular, for the older adults, there was a larger fan effect for the nonstudied probes (Fan 1-1 = 1,877 ms; 3-3 = 2,553 ms) than for studied probes (Fan I-1 = 1,767 ms; 3-3 = 2,179 ms).
Error Rates
The error rate data for each experiment were submitted to an ANOVA similar to the one for the RTs. Those main effects and Note. SL-ML = single location-multiple locations; S = studied, NS = nonstudied.
Analysis of Variance Results and Means for the Error Rates (in Percentages).for Effects Not Involving the SL-ML Factor
*p<.05. **p<.06.
interactions that do not involve the SL-ML factor, as well as their means, are presented in Table 4 .
Overall mental model organization. To aid in the presentation of the overall pattern of error data, the error rates collapsed across age are presented in Table 5 . The SL-ML × Fan interactions were significant, Fl (2, 108 ) = 8.0, MSE = 122, and F2 (2, 124) = 10.1, MSE = 88. There was a fan effect for the ML conditions, F1(2, 108) = 15.2, MSE = 137, and F2(2, 124) = 18.6, MSE = 146, but not for the SL condition in Experiment l, Ft < 1. In Experiment 2, the main effect of fan was significant for the SL analysis, F2(2, 124) = 5.9, MSE = 32; however, the increase in errors over fan was much smaller in the SL condition ( 1.8%) than in the ML condition (9.2%). There were fewer errors in the SL conditions than the ML Note. S = studied; NS = nonstudied.
older adults, F~ (2, 54) = 7.4, MSE = 213, and F2 ( 2, 62 ) = 9.2, MSE = 132, with a substantial fan effect for the ML condition but not the SL condition. By contrast, the young adults showed very little evidence of a fan effect in either condition, Fs < 1.4. This is consistent with the notion that older adults are experiencing more retrieval interference than the young adults. Furthermore, the Age × Fan interactions were significant, with the older adults showing a much larger fan effect than the young adults (see Table 4 ). Finally, for Experiment 2, the Age × Studied-Nonstudied x SL-ML interaction was also significant, F2 ( 1, 62) = 10.5, MSE = 57. In the case of the older adults, the SL-ML difference was larger for the nonstudied probes (11.2%) than for the studied probes (2.9%),/'2 ( 1, 31 ) = 18.14, MSE = 89, but this was not true for the young adults, F = 1.4 (3.3% and 2.1%, respectively).
Analysis of 1-I versus 3-3 fan.
An additional analysis assessed the 1-1 to 3-3 fan effect for errors in Experiment 2, as was done for the RT data. More errors were made to nonstudied (11.3%) than to studied probes (5.7%), F( 1, 62) = 13.0, MSE = 153, and there was a general fan effect, with 2.7% and 14.3%
errors for 1-1 and 3-3 fans, respectively, F( 1, 62) = 58.6, MSE = 146. There was also an interaction of these two variables, 
Level of Fan Level of Fan ---~--ML (old) --*-SL (old) -o-ML (young) --~-SL (young)
Figure3. Errorratesforsinglelocation(SL)andmultiplelocations(ML)conditionsin Experiment I for both older and young adults. A = data from the studied trials; B = data from the nonstudied trials. = 225, but not for the younger adults, with means of 4.1% and 5.5% errors, F < 1. Also, the three-way interaction was significant, F( 1, 62) = 9.8, MSE = 113, with the older adults showing a larger fan effect for the nonstudied probes than the studied probes. There was also a significant interaction of studied-nonstudied probe type and fan for the older adults, F( 1, 31 ) = 24.80, MSE = 124, but not for the younger adults, F < 1. For the older adults, the fan effect was larger for the nonstudied probes, with 3.5% and 30.7% errors, than the studied probes, with 3.6% and 11.1% errors.
Discussion
The results of Experiments 1 and 2 are consistent with the idea that older and younger adults are similar in the way that they use mental models during fact retrieval. In particular, when a set of facts is consistent with a single situation, this information is integrated into a single mental model, and no interference is observed during retrieval. This is reflected in the absence of an SL fan effect for the older and younger adults. In contrast, when a set of facts share a common concept, but refer to different situations, then different mental models are created and stored in long-term memory. During retrieval, the more mental models there are, the more retrieval interference is experienced, and retrieval time lengthens accordingly. This is the fan effect seen in the ML condition for both older and younger adults.
There was also some evidence consistent with the idea that older adults may be more susceptible to retrieval interference than the younger adults. While there were no significant interactions with age in the RT data, there were substantial effects for the error rate data. In particular, the older adults showed a much greater error rate fan effect in the ML condition than did the younger adults.
Experiment 3
An additional issue that we would like to address is the ordering of the concepts in the study sentences. In Experiments l and 2, the object concept always came first in the study sentences and the location concept came second. Although previous research has indicated that concept order does not have an impact on the difference between the SL and ML fan effects (Radvansky et al., 1993; , we could not be sure that the same would be true for older adults. Specifically, the aging results for Experiments l and 2 may reflect some unexplored factor involving concept order. Experiment 3 was conducted to test this possibility. The method and procedure were identical to Experiment 2, with the exception that the study sentences were of the form "In the location is the object," rather than "The object is in the location." In this way, the order of the concepts in the study sentences in Experiment 3 was the reverse of that for Experiments l and 2.
Method Participants
Twenty-eight native English-speaking participants were tested in each age group from the same subject populations as Experiments 1 and 2. Normative data for these participants are presented in Table I . Subjects in Experiment 3 were given the Shipley vocabulary test (Zachary, 1986 ) rather than the WAIS-R vocabulary test. Compared with the younger adults, the older adults had significantly more education, t( 54 ) = 3.00, SE = 0.60, and scored higher on the vocabulary test, t(54) = 3.32, SE = 0.99. Finally, 15 additional participants were replaced, including 8 older adults and 2 young adults, for failing to finish, usually because the experimenter or the participant had an appointment, I in each age group for not being a native English speaker, l in each age group because of a computer error, and l older participant for an excessive number of errors, possibly due to medication.
Materials and Procedure
The materials and procedure for Experiment 3 were similar to those of Experiment 2. The primary difference between these studies was that the locations preceded the objects in the study sentences, resulting in study sentences of the form "In the location is the object." In addition, participants in Experiment 3 were tested on IBM-PC compatible computers and made their responses by pressing one of two buttons on a computer mouse connected to the computer. The left mouse button indicated "Yes, I did study this sentence," whereas the right button indicated "No, I did not study this sentence." The younger adults required 4.3 study-test cycles to memorize the sentences, whereas the older adults required 7.6 cycles, 2 t( 54 ) = 5.84, SE = 0.58. The trimming procedure eliminated 2.6% of the recognition data in Experiment 3. Finally, the younger adults made an average of 0.6 errors on the posttest compared with 1.0 error for the older adults, t(54) = 1.14, SE = 0.3 l, p > .20.
Results
The results of this experiment partially replicated those of Experiments l and 2. In particular, there was a fan effect for conditions in which an object was in several locations (the ML condition) but not when several objects were all in the same location (the SL condition), and this pattern was present for both the older and younger adults. Furthermore, the older adults showed some evidence of more interference for their ML condition error rates, although this effect was not as dramatic as in Experiments 1 and 2.
Response Times
The RT data were submitted to a 2 (age) X 2 (studiednonstudied) x 2 (SL-ML) x 3 (fan) mixed ANOVA. The first variable was between subjects and the rest were within. Those main effects and interactions not involving the SL-ML difference are reported in Table 2 .
General mental model organization. The relevant data collapsed over age are presented in Table 3 . The SL-ML X Fan interaction was significant, F(2, 108) = 7.9, MSE = 156,694.
Simple effects tests showed that the fan effect was significant for the ML condition, F(2, 92) = 10.9, MSE = 227,165, but not the SL condition, F < 1.
In addition, the SL probes were responded to faster than the ML probes, F(I, 54) = 15.0, MSE = 154,104. The StudiedNonstudied x SL-ML interaction was also significant, F( t, 54) = 10.8, MSE = 53,673. The SL-ML difference was larger for nonstudied probes ( 186 ms) than for studied probes (59 ms). Simple effects tests showed that the SL-ML difference was significant for nonstudied probes, F(1, 54) = 54.0, MSE = 98,436, but not for studied probes, F( 1, 54) = 2.5, MSE = 113,843,p = .12. The Studied-Nonstudied X SL-ML X Fan interaction was significant, F(2, 108) = 5.0, MSE = 445,003. The SL-ML x Fan interaction approached significance for studied probes, F(2, 108) = 2.6, MSE = 81,735, p = .08, and was significant for nonstudied probes, F(2, 108) = 6.1, MSE = 193,335. There was no SL fan effect for either the studied or nonstudied probes. In contrast, there were fan effects for the ML probes, although it was much smaller for studied probes than the nonstudied probes.
Aging effects. The RT data involving age differences are summarized in Figure 5 . The Age X SL-ML interaction was significant, F( 1, 54) = 5.1, MSE = 154,104, with the older adults showing a larger SL-ML difference (186 ms) than the younger adults (49 ms). This is consistent with the notion that older adults would experience more interference in the ML condition than the younger adults. However, the Age X SL-ML × Fan interaction was not significant, F(2, 108) = 1.1, MSE = 155,694,p > .10.
Analysis ofl-I versus 3-3fan. The RT data from Experiment 3 were also submitted to a 2 (age) x 2 (studiednonstudied) x 2 (Fan 1-1 versus Fan 3-3) mixed ANOVA. Although the main effect of age was significant, F ( 
Error Rates
The error rate data were submitted to an ANOVA similar to the one for the RTs. Those main effects and interactions that do not involve the SL-ML factor, as well as their means, are presented in Table 4 . One of the most striking differences between Experiment 3 compared with Experiments 1 and 2 is that there were far fewer errors in Experiment 3 relative to the first two experiments. One possible cause for this difference is that participants in this experiment spent more time memorizing the sentences relative to those participants in Experiments l and 2. As a result, these error rate data do not show the clear patterns that are evident in the first two experiments. Despite this, the older adults still show some evidence of experiencing more interference than the younger adults at the higher fan level in the ML condition.
Overall mental model organization. The error rates collapsed across age are presented in Table 5 . The SL-ML x Fan interaction was significant, F(2, 108) = 3.0, MSE = 20. The fan effect approached significance for the ML condition, F(2, 108) =2.6, MSE = 33, p = .08, and was not significant for the SL condition, F < 1.
There were fewer errors in the SL condition than the ML condition, F( l, 54) = 7.2, MSE = 21. In addition, the StudiedNonstudied X SL-ML interaction was significant, F( l, 54) = 4.2, MSE = 13. The SL-ML difference was more pronounced for the nonstudied probes, F( l, 54) = 8. l, MSE = 24, than the studied probes, F( 1, 54) = 1.2, MSE = 10, p > .20. Aging effects. The error rate data are summarized in Figure   6 . Although the Age X SL-ML interaction was not significant, F< l, the Age X SL-ML X Fan interaction was, F(2, 108) = 2 These data include 3 older participants who, due to an experimenter oversight, only learned the study sentences up to one perfect cycle. An analysis excluding these individuals did not change the results. 4.1, MSE = 20. The SL-ML × Fan interaction was significant for the older adults, F(2, 54) = 4.2, MSE = 28, but not for the young adults, F(2, 54) = 2.1, MSE = 12, p =. 13. The ML fan effect for the older adults is not as systematic as seen in Experiments 1 and 2 (presumably due to the fewer number of errors overall), however, it is still clear that they are experiencing more interference in this condition at Fan Level 2 than the young adults for both probe types, and for Fan Level 3 for the nonstudied probes, consistent with the first two experiments. The only deviation from Experiments 1 and 2 is that while the older adults are affected by fan level for the studied probes, the younger adults are not. This is presumably related to the overall low error rate of the younger adults.
Analysis of 1-1 versus 3-3fan.
The error rate data from Experiment 3 were submitted to a 2 (age) x 2 (studied- = 4.3, MSE = 19, and F( 1, 54) = 35.2, MSE = 28, respectively. These were both qualified by a significant Studied-Nonstudied x Fan interaction, F( 1, 54) = 12.3, MSE = 21. While there was a fan effect for both types of probes, it was clearly larger for the nonstudied probes (Fan Level 1 = 1.5%; 3 = 3.6%) than for the studied probes (Fan Level 1 = 0.6%; 3 = 7.0%).
Discussion
The results of Experiment 3 demonstrate that, as before, for both older and young adults, no fan effect was observed for the SL condition, but a fan effect was observed for the ML condition. This is consistent with the view that people are building mental models based on the situations described by the facts, that these mental models influence the process of retrieval, and that older and younger adults behave similarly on this dimension. Finally, although participants in Experiment 3 made fewer errors overall, it was still clear from the error rates that older adults experience more interference in the ML condition. Thus, it is clear that the pattern of retrieval times observed in Experiments 1 and 2 was not due to the ordering of the object and location concepts in the study sentences.
General Discussion
The major data from the present study suggest that there are circumstances under which older and younger adults show equal resistance to sources of forgetting. In particular, based on the pattern of retrieval times and error rates in the single location conditions, young and older adults integrate randomly presented facts (e.g., concerning the potted palm, the waste basket, and the cola machine) into mental models of a described situation (e.g., the hotel). This is consistent with previous research that has demonstrated that younger and older adults generate mental models in much the same way (Morrow et al., 1992; Radvansky et al., 1990) .
Further, when people are able to successfully integrate facts in a SL condition, no fan effect is observed in either speed of recognition or errors. That is, the number of facts integrated into a single situation model does not influence retrieval of any single fact. The absence of a fan effect is as characteristic of older adults as it is of young adults. That this is so may be taken as surprising given the large literature demonstrating older adults' differential susceptibility to competition among potential candidates for responses that result in proactive interference (e.g., Kane & Hasher, in press; Winocur & Moscovitch, 1983) . Thus, organizing information into mental models spares retrieval performance for both younger and older adults.
By contrast, when facts cannot be organized into a single mental model, as is the case in the present ML condition, the findings are consistent with views that older adults are indeed more susceptible to retrieval interference. That is, older adults show a larger fan effect, particularly in the error rate data. This is presumably because, relative to young adults, older adults are less able to confine the memory retrieval process to the most relevant items. On studied trials, an inability to discriminate a particular mental model from the set of distractors leads to an increased miss rate, whereas, on nonstudied trials, the large number of mental models being activated may lead to a greater feeling of familiarity, thus leading to an increased false-alarm rate. Overall, it appears that older adults are more likely to become confused when the concepts in the probe sentence are stored across several representations.
The absence of significant Age X Fan and Age X SL-ML X Fan interactions in the RT data may be a function of the older adults' high error rate in the condition with the greatest nominal interference. Specifically, the older adults' higher error rates may reflect a less thorough search, relative to the younger adults, for the appropriate information. This less effective search is the result of more information reaching some retrieval threshold overall, thereby making it more difficult to select the desired piece of information. It should also be noted that when the error rate was lower, as it was in Experiment 3, although the Age X SL-ML x Fan interaction failed to reach statistical significance, the Age x SL-ML interaction was significant. Based on this result, a significant Age X SL-ML X Fan interaction would be expected if error rates were successfully equated in both age groups.
The ML data obtained in the present experiments are consistent with fan effect data reported earlier by Gerard et al. ( 1991;  see also Cohen, 1990) in that in both instances differential agerelated fan effects were seen for errors. In addition, Gerard et al. showed greater fan effects for older adults in the response time data as well. In the Gerard et al. study, the facts that were memorized referred to separate situations that could not be easily integrated into single mental models. Each of these facts was probably stored separately. In contrast, in the present experiments, some of the facts could be interpreted as being coreferential and, therefore, could be integrated. This integration could have facilitated overall retrieval processes during the recognition test. Furthermore, in the Gerard et al. study, the facts tested at larger fan sizes had multiple associations with both the sentence subject and predicate. Thus, participants consistently had to search a more complex collection of memory traces. In contrast, in the present experiments, the recognition test included facts at larger fan sizes that had only a single association for one of the concepts along with multiple associations with the other, rather than multiple associations for both.
Another explanation that could be offered for the different ML error rate fan effects is that the older adults may have become more confused during the recognition test as to which items had been studied before and which had not. This could occur because there were multiple repetitions of both the studied and nonstudied items throughout the recognition test. A prediction of this alternative view is that the performance of the older adults should become dramatically worse over the course of the recognition test. To assess this, we conducted some additional analyses that included half of test (first or second) as a factor. To briefly summarize, there were few effects involving half of the recognition test. If anything, performance improved from the first to the second half, and older adults showed a larger improvement than the younger adults. Therefore, the data do not support this alternative explanation. This increasing confusion explanation is also unsatisfactory because it does not account for why there is such a large difference between the younger and older adults only on the ML conditions, not on the SL conditions. Such confusion should be evident across all of the materials.
The present experiments are also consistent with the Hasher and Zacks (1988) age and inhibition hypothesis that takes the position that because of reduced eflSciency of inhibitory attentional mechanisms, older adults have a greater ditticulty regulating the contents of working memory than young adults. Older adults are less able to ignore or suppress irrelevant information so as to keep it from entering the current stream of processing. For a review of studies supporting this hypothesis, see Zacks and Hasher (1994; see also Stoltzfus, Hasher, & Zacks, in press ). According to this view, in the ML condition of the present experiments, people may need to suppress related and irrelevant mental models during fact retrieval. If the suppression of these related and irrelevant mental models is less effective, then the ML fan effect should increase. This is what was found in the present experiments.
When a mental model is not invoked, however, the present findings are consistent with those reported earlier by Gerard et al. ( 1991 ) and by Cohen (1990) : Older adults are more susceptible to retrieval confusion during recognition and are more likely to make errors when the concepts in the probe fact are associated with several memory traces. However, older adults appear to be able to create mental models in much the same way as younger adults and to use mental models to retrieve stored information in much the same way as younger adults. That is, the otherwise negative impact on retrieval of large fan sizes can be reduced, for both younger and older adults, when a mental model is invoked.
One intriguing possibility that might be raised with respect to the development and utilization of mental models is the degree to which they are spatially tied, as are the models formed here. Specifically, the concept that ties objects together is a location. Older adults, despite an otherwise greater vulnerability to interference effects, are spared in their performance relative to young adults in this unique circumstance. This sparing may be the conceptual equivalent of a sparing observed in a number of perceptually based selective attention tasks (Carlson, Hasher, Connelly, & Zacks, 1995; Connelly & Hasher, 1993; Connelly, Hasher, & Zacks, 1991 ) in which older and young adults are equally able to efficiently process target information even when maximally abstracting information from the environment. This sparing effect is seen when the location of targets, distractors, or both is predictable (e.g., Carlson et al., 1995 ) .
